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Supplementary Notes 1 Electrical transport characterization
To understand the charge scattering in chemical vapor deposited (CVD) graphene, we performed temperature dependent Dirac curve measurements. The graphene channel resistances (R sq ) vs. gate voltage at different temperatures are shown in Supplementary   Supplementary Fig. 1a . The variation of R sq with temperature (shown in Supplementary Fig.   1b ) reveals a small increase in resistance from 4.2 to 300 K with R sq (300K)/R sq (4 K) ~1.2 for the CVD graphene we employed. Similarly, weak temperature dependence was also reproducibly observed for different graphene channels. Such a weak temperature dependence of graphene resistance indicates a dominating contribution from the static scatters such as impurities and grain boundaries to the total resistivity. From the resistivity at 4.2 K, we evaluated the mean free path to be ~ 20-50 nm (for V g~0 -40 V), which confirms the diffusive regime of transport in CVD graphene. Note that there is a fair agreement between the D c and D s for our CVD graphene on SiO 2 devices. Unlike any large discrepancy between D c and D s as reported for graphene on SiC to possibly originate from localized states 1 , the differences we observed for L= 4 and 16 μm devices are quite small and are similar to the widely observed deviations in literature [2] [3] [4] . Also, the observed variation in D c and D s lies well in the affordable limits of sample to sample variation. We also observed enhanced values of spin lifetime with longer spin channels, which indicates a possible role of contacts on the spin relaxation (especially in shorter channels).
Charge and spin transport parameters: In the Supplementary
The longer channels allow exploring the graphene channel properties. This can also be inferred from a four probe graphene resistance (R sq ) vs. channel length plot ( Supplementary   Fig. 2 ). The R sq (~5 kΩ) is found to show slight decrease for longer channel lengths. This can be possible if more defects are introduced in graphene under the contacts, leading to a higher R sq in shorter channels. This along with corresponding mobility could also lead to a sample to sample variation in diffusion constants.
Supplementary Notes 2

Spin relaxation in CVD graphene
A linear enhancement of spin lifetime (τ s ) with momentum relaxation time (τ p ) for various CVD graphene channel lengths (L= 4, 6 and 12 µm) can be seen in Supplementary Fig. 3a .
Such linear increment shows a signature of Elliot-Yafet (EY) mechanism of spin scattering where E F is the Fermi energy and Δ EY is the EY spin-orbit strength 5 . The breaking of inversion symmetry by factors such as the substrate, adatoms and ripples can also lead to substantial role of the D'yakonov-Perel (DP) spin relaxation mechanism, where the spin relaxation time ( ) varies inversely with the momentum relaxation time as , with , the effective spin-orbit strength responsible for spin precession 6 . As the individual role of EY and DP spin relaxation mechanism in graphene it is non-distinguishable, it is reasonable to assume their simultaneous contributions. In order to deconvolute the individual contributions, we consider both competing mechanisms leading to the effective spin lifetime as ⁄ ⁄ ⁄ . Following this, in Supplementary Fig. 3b , we show the fit to Eq.1 and evaluate the individual contributions for various channel lengths 2 .
(1)
As tabulated in Supplementary Fig. 3 (b) , we find Δ EY = 0.5 -0.6 meV with relaxation rate ~ 1 10 8 to 2 10 9 s -1 is similar to the relaxation rate ~ 5 10 8 to 1 10 9 s -1 with Δ DP = 50 -64 μeV. However, we find major inconsistencies with the theoretical parameters. A large variation of τ s (for L=4 and 12 um) for small variation of Δ EY cannot be explained and the extracted spin-orbit coupling are orders of magnitude higher than expected values 7, 8 . The discrepancies with theory are anticipated, because for lower channel lengths we are in the regime of contact induced spin relaxation, which are not taken into account. For instance, the difference in spin lifetime between 4 and 12 μm channels could possibly be accounted with a different Rashba coupling parameter close to the electrodes (which would add significant additional spin relaxation). A strong indication of this has been seen in Fig. 4c (main manuscript) where we have displayed the evaluated spin lifetimes for different channels lengths. Also our experimental τ s ~ 1 ns are not in the regime to be discussed on the basis of only EY and DP spin relaxation mechanisms, which predict τ s to be in μs range 9, 5, 6 Therefore, additional microscopic origins such as spin-flip exchange field from magnetic moments 10 and entanglement of spin and pseudospin 11 should be considered to explain the experimental observed spin parameters, as discussed in the main text. In addition to these recently proposed mechanisms, the role of ferromagnetic should also be taken into account for a more quantitative understanding of spin relaxation in graphene 12 .
